The efficacy of tumor cell-immune cell interactions depends on a number of factors, for example, the expression of HLA-I on tumor cells, the type of immune cell, the accessibility of tumor cells for immune cells and the expression of immunogenic epitopes. We assessed infiltration of CD4 þ , CD8 þ , CD56 þ and CD57 þ cells in the tumor epithelium, tumor stroma and advancing tumor margin of 93 colorectal carcinomas and correlated this to clinicopathological parameters, the expression of HLA-A and HLA-B/C on tumor cells, the presence of a basal membrane (BM)-like structure surrounding tumor nodules and the presence of microsatellite instability/ mutator phenotype (absent MLH-1 expression). The median intraepithelial CD4 þ , CD8 þ , CD56 þ and CD57 þ cell infiltrations were 3, 23, 0 and 0 cells/mm 2 tumor, respectively. HLA-A/BC expression by tumor cells was normal in 28/43%, heterogeneous in 59/48% and absent in 13/9% of the cases. A BM-like structure surrounding the tumor nodules was absent, present and thick in 47, 38 and 15% of the cases. Six cases lost MLH1 expression. There was a positive correlation between leukocyte infiltration in the three compartments for CD4
Many immunohistochemical studies on tumor specimens suggest that the immune system can play a role in containing tumor cells in colorectal cancer. [1] [2] [3] [4] However, these studies have not taken into account some important recent findings.
Firstly, many immunohistochemical studies quantified the presence of immune cells on hematoxylineosin (HE)-stained tumor sections, but this method has a number of drawbacks. For instance, it has been shown that estimating the amount of tumor-infiltrating immune cells on HE sections is sensitive to interobserver variability 5 and underestimates the true number of leukocytes in a tumor. 6 In addition, it is difficult to characterize the tumor-infiltrating immune cells morphologically, that is, whether a particular cell is a T-helper (T H , CD4 þ ), cytotoxic T lymphocyte (CTL, CD8 þ ) or natural killer (NK) cell (CD3
þ , and subsets of CD8 þ or CD57 þ ). Another important feature that is difficult to appreciate on HE-stainings is whether immune cells are in direct contact with tumor cells, that is, located in the tumor-epithelium compartment, or located in the stroma. Naito et al 7 recently showed that CD8 þ lymphocytes that were located in the tumor stroma or tumor margin did not affect prognosis, whereas only those CD8 þ lymphocytes located in the tumor epithelium affected the prognosis positively. 7 Moreover, the presence of a substantial thickening of the extracellular matrix (ECM), a basal-membrane(BM)-like structure, around tumor cell nests seems to prevent direct contact between leukocytes and tumor cells. 8, 9 Recently, we found that the presence of this BM-like structure indeed correlated with significantly less intraepithelial leukocytes and a worse prognosis. 10 This suggests that, in addition to the location of immune cells, the presence of a BM-like structure should also be taken into account.
Another important tumor feature that has important consequences for the presence of tumor-infiltrating leukocytes is the expression of immunogenic epitopes on tumor cells. Defects in mismatch repair genes, which are the hallmark of the hereditary nonpolyposis colorectal cancer (HNPCC) syndrome and can also be found in 15-20% of sporadic colorectal cancers, result in the introduction of mutations at repetitive nucleotides in the genome (microsatellites (MS), mutator phenotype) that are potentially immunogenic. Based on the extent of mutations, tumors can be categorized as MS-stable, or MS instability (MSI)-low (characterized by relatively few mutations at nucleotide repeats) or MSIhigh (characterized by many mutations at nucleotide repeats) on the basis of defined criteria. 11 These latter tumors form an interesting category, because they are characterized by a marked inflammatory reaction and a good prognosis. Studies by Dolcetti et al. 12 and Guidoboni et al. 13 showed that the inflammatory response consisted mainly of activated CD3 þ and CD8 þ cells, which implies the presence of cytotoxic T lymphocytes (CTL) and/or CD8 þ NK cells. 14, 15 It is important in this respect, to take into account the fact that MSI-high tumors frequently show loss of expression of the human leukocyte anigen class I (HLA-I). 16 Loss of HLA-I would allow these tumor cells to escape CTLmediated lysis; however, they may become a target for NK cells. The presence and prognostic importance of immune cell subsets in colorectal cancer is not very well known. Therefore, in the present study, we evaluated the prognostic impact of infiltration of CD4 þ , CD8 þ , CD56 þ and CD57 þ cells in 93 primary colorectal cancers, taking into account beforementioned important factors, that is, HLA-I expression on tumor cells, direct contact with tumor cells and the presence of the mutator phenotype.
Materials and methods

Patients
An unselected group of 93 curatively operated, colorectal cancer patients was analyzed. The median age of the patients was 69 years (range: 26-85 years; s.d.: 12 years). Tumors were evaluated for tumor location, tumor stage, differentiation grade and mucinous characteristics.
Immunohistochemistry
Tissue sections (5 mm) were prepared on aminopropylethoxysilane (APES)-coated slides, and dried overnight at 371C. Tissue sections were deparaffinized in xylol for 15 min and subsequently rinsed in ethanol. Endogenous peroxidase was blocked for 20 min in 0.3% hydrogen-peroxide methanol, and subsequently, the sections were rehydrated. Antigen retrieval for the CD markers consisted of boiling the tissue sections in 1 mM EDTA solution (pH 8.0) for 10 min and allowing them to cool down in it for 2 h. Subsequently, the sections were washed in phosphate buffered saline (PBS) for 10 min and incubated overnight at room temperature with one of the following CD markers: anti-CD4 (1:50, clone F6, Novocastra), anti-CD8 (1:400, clone 4B11, Novocastra), anti-CD56 (1:800, clone 123C3, Zymed) and anti-CD57 (1:500, HNK-1 hybridoma, ATCC). After overnight incubation with the CD marker, the sections were washed in PBS for 15 min and incubated with mouse Envision labelled with Horse Raddish Peroxidase (m-Envision HRP , Code No. K4001) for 30 min. The sections were then washed in PBS for 15 min, rinsed in 0.05 M Tris-HCl buffer (pH 7.6) for 5 min and developed in 3,3-di-aminobenzidine tetrahydrochloride (DAB) with 0.002% hydrogen peroxide for 10 min, which results in a brown signal. The reaction was blocked in demiwater. Subsequently, the sections were incubated at 371C in a 0.01% trypsin (Sigma, T7409) in 0.1 CaCl 2 for 10 min after which the trypsin reaction was stopped in demi-water. After washing in PBS for 5 min, the tissue sections were incubated overnight at room temperature with a rabbit polyclonal antibody against human laminin (1:50, Sigma) diluted in PBS/1% BSA. On the third day, the sections were washed in PBS for 15 min, incubated for 30 min with Swine-anti-Rabbit labelled with biotin (SWAR biotin , 1:100, DAKO, Glostrup, Denmark) and washed with PBS for 15 min. Subsequently, the sections were incubated for 30 min with streptavidin-biotin complex (1:100, DAKO) labelled with alkaline phosphatase. After washing the sections in PBS for 15 min, and rinsing for 5 min in an alkaline phosphatase buffer (100 mM TRIS, 100 mM NaCl and 5 mM MgCl 2 Á 6H 2 O; pH 9.5), the sections were developed in an NBT/BCIP solution (10 ml AP buffer with 66 ml NBT (Promega S380C, 50 mg/ml in 70% dimethylformamid), 33 ml BCIP (Promega S381C, 50 mg/ml in 100% dimethylformamid and 100 ml levamisole (Sigma, L9756) for 10 min. The reaction was blocked in demi-water and the slides were dried overnight at room temperature. The sections were mounted in Kaizer's glycerin, a water-based mounting medium.
A negative control was included for each tumor sample by using PBS/BSA instead of the CD and laminin antibody in the overnight incubations.
Microscopic Evaluation of Tumor Sections
One tissue section that was representative of the tumor was chosen for analysis. Microscopic analysis was carried out without knowledge of the clinical outcome of the patients. HLA-A and HLA-B/C expression were evaluated separately. The expression of HLA was categorized as normal when all tumor cells showed membranous expression, heterogeneous when tumor cells without expression coexisted with HLA-expressing tumor cells or absent when none of the tumor cells expressed HLA and the internal control (stroma, leukocytes, endothelium) was positive. 17 As previously described, an ocular grid, with a total surface area of 38 mm 2 , was used at a Â 200 magnification to count all leukocytes that were located intraepithelially in 25 different tumor fields of the tissue section. 10 Laminin was used to distinguish between intraepithelially, that is, leukocytes in the direct vicinity of tumor cells, and intrastromally located leukocytes (see Figure 1 ). This careful analysis made it possible to calculate the number of leukocytes per tumor area (leukocytes/mm 2 tumor epithelium). The average leukocyte infiltration of 25 fields per tumor section was calculated and defined as the intraepithelial leukocyte infiltration. Leukocytes in the tumor stroma and tumor margin were estimated semiquantitatively in the same tissue section as previously described. 7 The advancing tumor margin was defined as the transition zone between the periphery of the tumor and normal colonic tissue. In addition, tumor-'infiltrating' leukocytes were assessed semiquantitatively into 'none-poor' or 'moderatemarked' leukocyte infiltration using routinely HEstained tumor sections and has been shown to have prognostic value. 4 The presence of a BM-like structure surrounding the tumor epithelium was assessed in each slide based on the immunohistochemical staining with antilaminin and scored as absent, normal or thick in comparison to the BM in normal colon epithelial tissue that was present in the same tissue section. MLH1 expression was categorized as absent (suggesting MSI) if the majority of tumor cells lacked nuclear MLH1 expression. These cases were termed MSI þ .
Statistical Analysis
As previously described, a group with high and low intraepithelial leukocyte infiltration was distinguished based on the 75th percentile of the average leukocyte-infiltration scores of all patients. 18 All statistical analyses were carried out using the SPSS software package (SPSS Inc., Chicago, IL, USA). The w 2 -test (exact test in case of o5 cases was used to evaluate differences between various clinicopathological parameters and leukocyte infiltration). In case of cells with less than five expected subjects, Fisher's exact test was used. The Kaplan-Meier method was used to calculate the disease-free survival (DFS) analyses and the log-rank test was used for comparison of the survival curves. Groups with less than five subjects were grouped with the appropriate, adjacent groups for statistical analyses. Cox regression was used for multivariate analysis.
Results
Patients and Tumors
In total, 56 men (60%) and 37 women (40%) underwent curative resections confirmed on histopathological evaluation. Patient-and tumor features are shown in Table 1 . Tumors were staged as stage II (Dukes B) in 44 patients (47%) and stage III (Dukes C) in 49 patients (53%). Tumor differentiation could not be assessed in three cases (3%). The median follow-up was 6.1 years (range: 0.1-18.6 years, standard deviation (s.d.): 5.0 years).
Infiltration of CD4
þ , CD8 þ , CD56 þ and CD57 þ Cells in the Tumor epithelium and Tumor-stroma Compartment and Expression of HLA-A and HLA-B/C The 75th percentile of intraepithelial leukocyte infiltration was chosen as a cutoff point to distinguish between a group with high and low leukocyte infiltration ( ( Table 1 ). An example of a tumor specimen that was double-stained with anti-CD8 and -laminin is shown in Figure 1 . The degree of inflammatory reaction was also assessed on HE-stained tumor sections. Leukocyte infiltration (Table 1) was assessed as poor (n ¼ 35, 38%), moderate (n ¼ 43, 46%) or marked (n ¼ 15, 16%).
Three cases were excluded from the HLA analyses, because HLA-A expression could not be detected in tumor and normal tissue. HLA-A expression was normal in 25 cases (28%), heterogenous in 53 cases (59%) and absent in 12 cases (13%). HLA-B/C expression was normal in 40 cases (43%), heterogeneous in 44 cases (47%) and absent in nine cases (10%).
Correlation of Leukocyte Infiltration in Different Tumor Compartments to Various Clinicopathological Parameters and Prognosis
Infiltration of CD4
þ , CD8 þ , CD56 þ and CD57 þ cells in the various compartments was correlated with each other and clinical (age, sex) and tumor parameters (location, tumor stage, differentiation, mucinous features, HLA-A and HLA-B/C expression).
There was a positive correlation between leukocyte infiltration in the three compartments for CD4, CD8, CD56 (partly) and CD57 (all Po0.05, see Table  2 ), indicating that intraepithelial leukocyte infiltration is a reflection of infiltration in the tumor stroma and tumor margin. Intraepithelial CD56 infiltration did not correlate with CD56 infiltration in the tumor stroma (P ¼ 0.38).
Intraepithelial CD8 infiltration inversely correlated with HLA-A (P ¼ 0.04), HLA-B/C expression (P ¼ 0.04, see Table 3 ) and tumor stage (P ¼ 0.01, Table 2 ). Intraepithelial CD57 infiltration inversely + , CD56 + and CD57 + lymphocytes in the three compartments (ie intraepithelial (IE), tumor stroma and tumor margin) was assessed by double staining immunohistochemistry using the CD markers and laminin as previously described 18 or an HE stain (tumor infiltrating leukocyte (TIL)). The intraepithelial lymphocytes were accurately counted and a correction was made for the amount of nontumor area in a particular slide. Infiltration in the tumor stroma and tumor margin was estimated semiquantitatively as described previously by Naito et al. 7 The impact of each parameter on DFS was assessed using univariate analysis (Kaplan-Meier, log-rank test Table 3 ). Intraepithelial CD56 infiltration inversely correlated with tumor stage (P ¼ 0.05, Table 2 ). There was no correlation between intraepithelial CD56 infiltration and HLA-A (P ¼ 0.98) or BC expression (P ¼ 0.43, see Table 3 ).
Women and older patients had significantly more CD56 þ cell infiltration in the tumor stroma (P ¼ 0.001, data not shown) and older patients had more CD57 þ cell infiltration in the advancing tumor margin (P ¼ 0.04, data not shown). CD4 þ cell infiltration in the tumor stroma was higher in lower stage tumors (P ¼ 0.03, data not shown). Intraepithelial CD4 þ cell infiltration was correlated to differentiation grade (P ¼ 0.03, data not shown).
Univariate (Table 1 ) and multivariate (Table 4 ) analyses were performed to assess the prognostic significance of leukocyte infiltration in the various compartments, patient factors and tumor features for DFS. A lower tumor stage (P ¼ 0.004), marked CD8 þ (P ¼ 0.04, see Figure 2 ) and CD57 þ (P ¼ 0.05, see Figure 3 ) cell infiltration in the advancing tumor margin were correlated with a longer DFS in multivariate analysis. Evaluation of leukocyte infiltration on HE-stained tumor sections was not a prognostic factor for DFS (P ¼ 0.42, Table 1 ) and nor were any of the other investigated parameters (all P40.05, Table 1 ).
A BM-like Structure Prevents CD8 þ and CD57 þ Cell Infiltration into Tumor Cell Nests A BM-like structure could not be evaluated in one case and was found to be absent in 43 cases (47%), normal in 35 cases (38%) and thickened in 14 cases (15%). The presence of a BM-like structure did not correlate with intraepithelial CD4 þ and CD56 þ cell infiltration, but inversely correlated with intraepithelial CD8 þ and CD57 þ cell infiltration (see Table 5 ). A thick BM-like structure was observed in 14 cases and all these cases had low intraepithelial CD8 þ and CD57 þ leukocyte infiltration, while there were no cases with a high intraepithelial CD8
þ and CD57 þ cell infiltration that had a thick BM-like structure (P ¼ 0.003 and 0.04, respectively). The number of cases with the specified amount of immune cell infiltration is shown with the percentages in parentheses. The intraepithelial infiltration of each lymphocyte was correlated to the infiltration in the tumor stroma and tumor margin. The w 2 test was used to evaluate significant differences between the groups. The intraepithelial infiltration of each CD marker correlated with the infiltration in the tumor stroma and the tumor magin, except for intraepithelial CD56 cell infiltration in the advancing margin (P ¼ 0.38). Tumor stage inversely correlated with intraepithelial CD8 + and intraepithelial CD56 + cell infiltration. a w 2 test. (23) 6 (24) 4 (50) 13 (29) 5 ( All clinical and tumor parameters were entered in a multivariate analysis. Tumor stage, infiltration of CD8 and CD57 cells at the advancing tumor margin were independent prognostic factors for DFS. Figure 2 DFS was compared between patients with poor, moderate and marked CD8 þ stromal cell infiltration at the advancing tumor margin (log-rank test). There was a significant positive correlation between the number of CD8 þ and CD57 þ lymphocytes and a longer DFS. P-values are shown for univariate and not for multivariate analysis. was significantly higher in MSI þ tumors (see Table  6 ). The median intraepithelial CD8 
Discussion
In the present study, we showed that CD8 þ and CD57 þ stromal cells at the advancing tumor margin are important prognostic factors in colorectal cancer. Moreover, direct contact with tumor cells plays a crucial role, especially in MSI þ tumors. Although our observation that CD8 þ and CD57 þ cell infiltration in the advancing tumor margin were independent prognostic factors may seem in contrast with this notion of direct contact, the discrepancy can be explained by the fact that tumor cell -immune cell interactions are underestimated, especially at the advancing tumor margin due to the production of ECM proteins by these tumor cells. 19 In addition, it has been demonstrated that BM-like structures surrounding tumor nodules are more frequently discontinuous at the advancing tumor margin, which enhances direct contact between tumor cells and leukocytes. 20 Interestingly, Suzuki et al 21 recently showed that it is exactly at this advancing margin where mature dendritic cells (DCs) cluster with CD4 þ and CD8 þ cells. Morse et al 22 described similar findings in colorectal hepatic metastases after Flt 3 ligand administration, which mobilizes DCs. Dendritic cells play an important role in the generation and regulation of the innate (NK cells) and adaptive immune system (CTL). 23 From these data, a scenario can be envisioned in which the intraepithelial leukocyte infiltration is a reflection of the immune reaction that is elicited at the advancing tumor margin. In our study, there was a positive correlation between the number of CD8 þ and CD57 þ cells in the advancing margin and those in direct contact with tumor cells. Tanaka et al presented concordant findings in a mouse model. 24 They showed that activation of NK cells induced tumor cell death, which subsequently activated DCs and induced CTL responses. Direct contact between these cells was an essential requirement. The primary tumor provides us with important information regarding its immunogenicity. Although we did not evaluate lymphocyte infiltration in the metastases and corresponding primary tumors, and to our knowledge this has also not been investigated by others, we suggest that the lymphocytic infiltration in a primary tumor is a good reflection of the infiltration in its metastases. In a previous study of 82 primary tumors and 143 liver metastases, we found that p53 and HLA class I expression was similar in both lesions (Menon et al, unpublished results).
We also found that the presence of a BM-like structure was inversely correlated to CD8 þ and CD57 þ cell infiltration intraepithelially. This is in accordance with previous findings in animal models, 8 in human subjects with colorectal cancer 10 and with electron microscopy data that indicate that the permeability of BMs is altered in pathological conditions. 25 Alternatively, the production of immune-inhibitory cytokines, such as FAS-L, IL-10 or TGF-b may also explain the observed discrepancies in leukocyte infiltration. [26] [27] [28] [29] Regarding the question as to which arm of the immune systems plays the most significant role in the antitumor effect, it is generally believed that the activation of tumor-specific, cytotoxic T cells plays a more prominent role than the leukocytes involved in innate immunity (eg NK cells). In the present study, we provided evidence that NK cells or NK-like T cells also play an important role. Although we did not perform a CD3-laminin double-staining to distinguish between CTL and NK cells, we found that CD8
þ and CD57 þ cell infiltration provided independent prognostic information for prognosis and both markers inversely correlated with HLA-I expression on tumor cells. We found that CD57 þ cell infiltration was inversely correlated to HLA-B/C expression, but not HLA-A expression. This can be explained by taking into account that NK cells are activated by the loss of certain HLA loci, for example, HLA-C. 15 This latter finding has important implications for immunotherapy, as most studies aim at inducing CTL. However, we would advocate the investigation of immunotherapies that, in addition to tumor-specific T cells, will also activate NK cells or NK-like T cells, as stressed by others. [30] [31] [32] For instance, the activation of NK cells and DCs with anti-CD40, 33 recombinant IL-18,
24
Flt3 22 or protein-pulsed DCs 34 are already under investigation.
The finding that tumors with MSI are especially associated with the infiltration of CD8 þ and CD57 þ cells in the tumor-epithelium compartment would offer a plausible explanation for the good prognosis that is seen in these patients. MSI þ tumors harbor numerous mutations that lead to the production of altered, potentially immunogenic epitopes that can induce CTL. 35 However, the induction of CTL responses takes time, leaving time for tumor cells to escape the immune system. Therefore, NK cells may play an important role, as they do not require prior sensitization and therefore are able to eliminate metastasizing HLA-nonexpressing cells instantaneously. In addition, NK cells are abundantly present in the systemic circulation and in the liver, the first organ of tumor cell dissemination in most patients with colorectal cancer. 36 . Especially, patients with MSI þ tumors may benefit from immunotherapy and patients with HNPCC may be able to receive preventive vaccinations, for instance, as described above that stimulate NK and T cells. Future studies should further explore the role of the various immune effector cells on the basis of reacting to frameshift proteins, as it may have important consequences for the selection of patients for adjuvant immunotherapy.
In conclusion, we report that in addition to tumor stage, infiltration of CD8 þ and CD57 þ cells in the tumor margin are independent prognostic factors in colorectal cancer patients. The infiltration of these immune effector cells into tumor cell nests is inversely correlated with the presence of a BM-like structure around the tumor cell nests and the presence of certain HLA-I loci. Furthermore, we propose further exploration of NK cell-mediated immunotherapy and a role for MSI in the selection of patients for immunotherapy.
